12 United States Patent

Kang et al.

US008035651B2

US 8.035,651 B2
Oct. 11, 2011

(10) Patent No.:
45) Date of Patent:

(54) METHOD OF ADJUSTING DISPLAYING
STATE OF DISPLAY APPARATUS

(75) Inventors: Hee-young Kang, Suwon-s1 (KR);
Sang-hak Lee, Seoul (KR)
(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-S1 (KR)
(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 1331 days.
(21) Appl. No.: 11/208,756
(22) Filed: Aug. 23, 2005
(65) Prior Publication Data
US 2006/0044321 Al Mar. 2, 2006
(30) Foreign Application Priority Data
Aug. 25,2004 (KR) .o, 10-2004-0067128
(51) Int.CL
G09G 5/02 (2006.01)
(52) US.CL .., 345/589; 345/603
(58) Field of Classification Search .................... 349/72;
345/589
See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
5,831,672 A * 11/1998 Taker .............coo.e.... 348/225.1
6,441,563 B1* 8/2002 Kaoetal ................... 315/169.3
6,862,012 Bl 3/2005 Funakoshi et al.
7,075,503 B2* 7/2006 Shinohara ....................... 345/60
7,109,990 B1* 9/2006 Oleretal. .................... 345/428
7,126,562 B1* 10/2006 Ineetal. ..., 345/63
7,199,822 B2* 4/2007 Funo .............cevenee. 348/223.1
2002/0063666 Al 5/2002 Kang et al.
2002/0163490 A1 11/2002 Nose
2003/0020725 Al 1/2003 Matsuda

2003/0210250 Al* 112003 Kmmetal. ................e. 345/589
2004/0036708 Al* 2/2004 Evanickyetal. ............. 345/691
2004/0155837 Al* 82004 Yuetal. ......ccoovviinnnnnn, 345/63
2006/0017742 Al* 12006 Hsu ......coooovviiiiiiiinniinnnn, 345/589

FOREIGN PATENT DOCUMENTS

CN 1293521 5/2001
JP 09-135455 5/1997
JP 11-202837 7/1999
JP 2001-119717 4/2001
JP 2002-1232352 4/2002
(Continued)
OTHER PUBLICATIONS

Chinese Office Action dated Nov. 23, 2007 1ssued mm CN
200510096600.3.

(Continued)

Primary Examiner — Xi1ao Wu
Assistant Examiner — Maurice L McDowell, Jr.
(74) Attorney, Agent, or Firm — Stanzione & Kim, LLP

(57) ABSTRACT

A method of adjusting a displaying state of a display appara-
tus includes determining a reference color temperature and a
reference Au'v', determining setting color temperatures cor-
responding to gradations of a gray level according to the
reference color temperature to make color temperature dii-
ferences between adjacent gradations of the gray level be
within a predetermined color temperature range, measuring,
coordinates according to the gradations within a gray area
formed by the gray level and displayable 1n the display appa-
ratus on a predetermined color coordinates system corre-
sponding to the reference Au'v' and the setting color tempera-
tures corresponding to the gradations, and setting the
coordinates corresponding to the gradations measured about
cach gradation of the gray level of the display apparatus. Thus
the method of adjusting a displaying state of a display appa-
ratus varies a color sensation to have directionality and lin-
carity between gradations of a gray level, thereby improving
color representation.

19 Claims, 5 Drawing Sheets
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METHOD OF ADJUSTING DISPLAYING
STATE OF DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C §119 of
Korean Patent Application No. 2004-67128, filed on Aug. 25,
2004, 1n the Korean Intellectual Property Office, the disclo-

sure of which i1s mcorporated herein 1n 1ts entirety and by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present general inventive concept relates to a method
of adjusting a displaying state of a display apparatus, and
more particularly, to a method of adjusting a displaying state
of a display apparatus, 1n which a color sensation 1s varied to
have directionality and linearity between gradations of a gray
level, thereby improving color representation of the display
apparatus.

2. Description of the Related Art

Recently, display apparatuses, such as a monitor for a
personal computer, a television, and the like, have been
required to be lightweight and thin. To satisiy these require-
ments, a liquid crystal display (LCD) module has been widely
used mstead of a conventional cathode ray tube (CRT) as the
display apparatus.

In the LCD module, a liquid crystal having anisotropic
permittivity 1s filled between two substrates, and the liquid
crystal becomes opaque or transparent according to the imnten-
sity of an electric field applied thereto, thereby displaying a
picture.

The LCD module cannot display a real color because of
displaying characteristics of the LCD module. For example,
white displayed on the LCD module inclines toward red even
though a video signal of a white level 1s processed. Further,
the more a signal approaches a black level, the more color
inclines toward blue.

There are various standards for color representation of the
display apparatus. For example, The Swedish Confederation
of Professional Employees (TCO) 03 standard requires that a
color temperature variation (Au'v') at a gradation of a gray
level o1 105 or more be smaller than 0.02 to make the display
apparatus have a high color maintenance regardless of a varia-
tion of brightness.

With respect to the TCO 03 standard, a conventional dis-
play apparatus has the following problems.

The conventional display apparatus has a color tempera-
ture distribution ranging from 7,200K to 11,500K with regard
to all gradations, so that the color temperature 1s widely varied
according to the gradation. Actually, the more the color devi-
ates from a white level and approaches a black level, the more
the color inclines toward blue or a dark color sensation. Thus,
even though a picture contains a real color, the color 1s dis-
torted, thereby deteriorating the color representation.

Further, 1n the conventional display apparatus comprising
the L.CD module, the Au'v' 1s not smaller than 0.02 at the
gradation of 105 or more, and 1s insuificient to satisiy the
TCO 03 standard. FIG. 1 1s a graph illustrating data measured
with respect to a picture of a gray level in the LCD module of
the conventional display apparatus. That 1s, FIG. 1 shows the
Au'v' measured with respect to a gray level of 16 gradations.
As shown 1n FIG. 1, the Au'v' 1s not smaller than 0.02 at the
gradation of 105 or more.
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To satisty the TCO 03 standard, the conventional display
apparatus divides the gray level into a high and a low, thereby

adjusting a red, green, blue (RGB) gain value and an offset
value. As another method, a predetermined color value 1s
subtracted from or added to an RGB gamma value, so that the
Au'v' 1s adjusted to be smaller than 0.02.

FIG. 2 1s a graph 1llustrating the data measured after adjust-
ing the RGB gamma value. Referring to FIG. 2, the RGB
gamma value of the conventional display apparatus 1is
adjusted, thereby adjusting the Au'v' to be smaller than 0.02 at
all of the gradations. However, according to displaying char-
acteristics of FIG. 2, coordinate values of each gradation are
dispersively distributed without directionality, so that color
sensation 1s distorted and variegated when a picture 1s dis-
played on the LCD module.

Further, 1n the conventional display apparatus, the Au'v' 1s
made smaller than 0.02 at all of the gradations by adjusting
the RGB gamma value, but the Au'v' 1s different according to
the gradations. Here, the Au'v' affects the color sensation at
cach gradation, so that a linearity of all of the gradations 1s
deteriorated when the Au'v' 1s different between the grada-
tions.

SUMMARY OF THE INVENTION

Accordingly, the present general inventive concept pro-
vides a method of adjusting a displaying state of a display
apparatus, 1n which a color sensation 1s varied to have direc-
tionality and linearity between gradations of a gray level,
thereby improving color representation.

Additional aspects and advantages of the present general
inventive concept will be set forth 1n part 1n the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the general inventive
concept.

The foregoing and/or other aspects and advantages of the
present general inventive concept may be achieved by pro-
viding a method of adjusting a displaying state of a display
apparatus, the method comprising determining a reference
color temperature and a reference color temperature variation
(reference Au'v'), determining setting color temperatures cor-
responding to gradations of a gray level according to the
reference color temperature to make color temperature dii-
ferences between adjacent gradations of the gray level be
within a predetermined color temperature range, measuring,
coordinates according to the gradations within a gray area
formed by the gray level displayable 1n the display apparatus
on a predetermined color coordinate system corresponding to
the reference Au'v' and the setting color temperatures corre-
sponding to the gradations, and setting the coordinates cor-
responding to the gradations measured about each gradation
of the gray level of the display apparatus.

The color coordinate system may include one of a CbCr
coordinate system and an XY coordinate system.

The determining of the reference color temperature and the
reference Au'v' may comprise inputting a reference video
signal of a white level into the display apparatus, measuring a
color temperature and a color temperature variation (Au'v') of
a reference picture displayed on the display apparatus corre-
sponding to the reference video signal, and determining the
reference color temperature and the reference Au'v' according,
to the measured color temperature and the measured Au'v' of
the reference picture.

The determining of the setting color temperatures corre-
sponding to the gradations of the gray level according to the
reference color temperature to make the color temperature
differences between the adjacent gradations of the gray level
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be within the predetermined color temperature range may
comprise determiming the setting color temperature accord-
ing to each gradation to linearly increase with respect to the
respective gradations of the gray level from the measured

color temperature of the reference picture.
The reference Au'v' may be smaller than 0.02.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the present
general mventive concept will become apparent and more
readily appreciated from the following description of the
embodiments, taken 1n conjunction with the accompanying
drawings of which:

FI1G. 1 1s a graph illustrating data measured with respect to
a picture of a gray level 1n a conventional display apparatus;

FI1G. 2 1s a graph illustrating data measured after adjusting,
an RGB gamma value in the conventional display apparatus
of FIG. 1;

FI1G. 3 15 a control flowchart 1llustrating a method of adjust-
ing a displaying state of a display apparatus according to an
embodiment of the present general inventive concept;

FI1G. 4 1s a graph illustrating a CbCr coordinates system of
the display apparatus according to an embodiment of the
present general inventive concept; and

FI1G. 5 15 a graph illustrating data measured with respect to
a picture of which the displaying state 1s adjusted in the
display apparatus of FIG. 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now be made in detail to the embodiments
of the present general 1nventive concept, examples of which
are 1llustrated 1n the accompanying drawings, wherein like
reference numerals refer to like elements throughout. The
embodiments are described below 1n order to explain the
present general mnventive concept by referring to the figures.

FI1G. 3 15 a control flowchart 1llustrating a method of adjust-
ing a displaying state of a display apparatus according to an
embodiment of the present general inventive concept. Refer-
ring to FIG. 3, to adjust the displaying state of the display
apparatus, first, a reference color temperature and a reference
color temperature variation (reference Au'v') are determined
at operation S10.

For example, the reference color temperature and the ref-
erence Au'v' can be determined as follows. First, a reference
video signal of a white level 1s input to the display apparatus.

Then, a color temperature and a color temperature varia-
tion (Au'v') are measured with respect to a reference picture
based on the reference video signal of the white level dis-
played on the display apparatus.

Then, the reference color temperature and the reference
Au'v' are determined according to the color temperature and
the Au'v' measured with respect to the reference picture. For
example, when the reference picture has the color tempera-
ture of 9,000K and the Au'v' of 0.007, these values can be
considered mnherent displaying characteristics of the display
apparatus and accepted as the reference color temperature
and the reference Au'v'. Thus, at operation S10, the reference
color temperature and the reference Au'v' are determined
according to the measured color temperature and the mea-
sured Au'v' of the reference picture.

The reference color temperature and the reference Au'v'
can be determined to be 7,500K and 0.01, respectively. The
reference Au'v' can be smaller than 0.02 to satisty the TCO 03
standard.
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The reference color temperature and the reference Au'v'
determined by the foregoing method are used as the color
temperature and the Au'v' at the white level, 1.e., at a 255
gradation, respectively.

After determining the reference color temperature and the
reference Au'v', at operation S11, a setting color temperature
corresponding to each gradation of a gray level 1s determined
according to the reference color temperature. Here, the set-
ting color temperature corresponding to each gradation 1s
determined when a color temperature difference between the
setting color temperatures corresponding to adjacent grada-
tions of the gray level 1s within a predetermined color tem-
perature range. That 1s, the setting color temperature corre-
sponding to each gradation 1s determined so as to make the
color temperature differences between the adjacent grada-
tions be within the predetermined color temperature range.

Here, the setting color temperature corresponding to each
gradation of the gray level can be determined to linearly
increase with respect to the respective gradations as the gra-
dations are deviated from the white level toward a black level.
For example, as described above, 1n the case where the refer-
ence color temperature corresponding to 255 gradation 1s
determined to be 7,500K, the setting color temperature cor-
responding to 240 gradation 1s determined to be 7,600K, the
setting color temperature corresponding to 224 gradation 1s
determined to be 7,700K, the setting color temperature cor-
responding to 208 gradation 1s determined as 7,800K, and so
on. Thus, the setting color temperature 1s linearly increased
with respect to the respective gradations of the gray level, so
that a color sensation of the gray level has directionality.

After determining the setting color temperatures according
to the respective gradations of the gray level, at operation S12,
a gray area (GA) formed by the gray level and displayable 1n
the display apparatus 1s measured on a predetermined color
coordinate system.

Here, a CbCr coordinate system can be used as the color
coordinate system. Alternatively, an XY coordinate system
may be used. That 1s, at operation S12, the gray area (GA)
tformed by the gray level and displayable in the display appa-
ratus can be, as shown 1in FIG. 4, measured on the CbCr
coordinate system by measuring data about a picture dis-
played on the display apparatus.

At operation S13, coordinates corresponding to the refer-
ence Au'v' and the setting temperature corresponding to each
gradation are measured within the gray area (GA) formed by
the gray level displayable in the display apparatus on the
predetermined color coordinate system. In the case 1n which
the CbCr coordinate system 1s used, the coordinates are mea-
sured on the CbCr coordinate system corresponding to the
reference Au'v' and the setting color temperature correspond-
ing to each gradation of the gray level.

That 1s, as described above, 1n the case where the reference
Au'v' and the setting color temperature corresponding to each
gradation are determined as shown 1n Table 1, the coordinates
are measured corresponding to the reference Au'v' and the
setting color temperature a corresponding to each gradation
on the CbCr coordinate system.

TABLE 1
Gradation Setting color temperature Au'v'
176 8,000 K 0.01
192 7,900 K 0.01
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TABLE 1-continued
Gradation Setting color temperature Au'v'
208 7,800 K 0.01
224 7,700 K 0.01
240 7,600 K 0.01
255 7,500 K 0.01

Table 1 illustrates the setting color temperature and the
Au'v' corresponding to the gradation of 176 or more. How-
ever, the setting color temperature and the Au'v' at the grada-
tion of 176 or below can be determined by the same method.
Further, the Au'v' 1s constantly maintained as the reference
Au'v' with respect to all of the gradations, thereby allowing
the color sensation between the respective gradations of the
gray level to have linearity.

At operation S14, coordinates of the display apparatus are
set to allow the display apparatus to display a picture based on
the coordinates measured according to the respective grada-
tions on the CbCr coordinate system. Here, the coordinates of
the display apparatus can be set by directly inputting the CbCr
coordinates corresponding to each gradation thereto, or by
converting the CbCr coordinates into RGB data to be setas an
RGB value of the display apparatus.

Referring to FIG. 3, after setting the coordinates of the
display apparatus according to the respective gradations of
the gray level, the data measured about each gradation of the
gray level can be reflected on a uv coordinate system. As
shown therein, the reference Au'v' 1s maintained constantly,
and measured points are aligned, so that directionality is
maintained.

As described above, the reference color temperature and
the reference Au'v' are determined, the setting color tempera-
ture corresponding to each gradation of the gray level 1s
determined according to the reference color temperature so as
to make the color temperature differences between the adja-
cent gradations of the gray level be within the predetermined
color temperature range, the coordinates corresponding to
cach gradation are measured within the gray area (GA)
formed by the gray level and displayable 1n the display appa-
ratus on a predetermined color coordinate system corre-
sponding to the reference Au'v' and the setting color tempera-
ture corresponding to each gradation, and the coordinates of
the display apparatus are set based on the coordinates mea-
sured according to each gradation of the gray level of the
display apparatus, so that the color sensation between the
gradations of the gray level can have the directionality and the
linearity, thereby preventing the color sensation from being
distorted, and uniformizing the color sensation.

As described above, the present general inventive concept
provides a method of adjusting a displaying state of a display
apparatus, 1n which color sensation between gradations of a
gray level 1s varied to have directionality and linearity,
thereby enhancing color representation.

Although a few embodiments of the present general inven-
tive concept have been shown and described, 1t will be appre-
ciated by those skilled in the art that changes may be made 1n
these embodiments without departing from the principles and
spirit of the general mnventive concept, the scope of which 1s
defined in the appended claims and their equivalents.

What 1s claimed 1s:
1. A method of adjusting a displaying state of a display
apparatus, comprising;:
determining a reference color temperature and a reference
Au'v', the reference Au'v' being smaller than a predeter-
mined color temperature variation;
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6

determiming setting color temperatures corresponding to
gradations of a gray level according to the reference
color temperature to make color temperature differences
between adjacent gradations of the gray level be within
a predetermined color temperature range, and maintain-
ing Au'v' with respect to the gradations of the gray level;

measuring coordinates according to the gradations within a

gray area formed by the gray level displayable in the
display apparatus on a predetermined color coordinate
system corresponding to the reference Au'v' and the set-
ting color temperatures corresponding to the gradations;
and

setting the coordinates corresponding to the gradations

measured about each gradation of the gray level of the
display apparatus.

2. The method according to claim 1, wherein the reference
Au'v' 1s smaller than 0.02.

3. The method according to claim 1, wherein the color
coordinate system includes one of a CbCr coordinate system
and an XY coordinate system.

4. The method according to claim 3, wherein the reference
Au'v' 1s smaller than 0.02.

5. The method according to claim 1, wherein the determin-
ing of the reference color temperature and the reference Au'v'
COmprises:

inputting a reference video signal of a white level mto the

display apparatus;

measuring a color temperature and a Au'v' of a reference

picture displayed on the display apparatus correspond-
ing to the reference video signal; and

determining the reference color temperature and the refer-

ence Au'v' according to the measured color temperature
and the measured Au'v' of the reference picture.

6. The method according to claim 5, wherein the reference
Au'v' 1s smaller than 0.02.

7. The method according to claim 5, wherein the determin-
ing of the setting color temperatures comprises determining
the setting color temperatures corresponding to the respective
gradations so that the setting color temperatures are linearly
increased with respect to the respective gradations of the gray
level from the measured color temperature of the reference
picture.

8. The method according to claim 7, wherein the gradations
comprise a 255 gradation and a 240 gradation and the setting
color temperature of the 240 gradation 1s 7600K when the
setting color temperature of the 2355 gradation 1s 7500K.

9. The method according to claim 1, wherein the measuring,
of the coordinates comprises:

measuring the gray area by measuring data of a picture

displayed on the display apparatus; and

measuring the coordinates so that the coordinates are

within the gray area.

10. The method according to claim 1, wherein the setting of
the coordinates comprises:

converting the measured coordinates to RGB data; and

setting the coordinates according to the RGB data.

11. A method of improving color representation of a dis-
play apparatus, the method comprising:

determining a reference color temperature and a reference

color temperature variation corresponding to a reference

color, the reference color temperature variation being
smaller than a predetermined color temperature varia-
tion;

calculating a plurality of adjustment color temperatures
corresponding to a plurality of colors according to the
reference color temperature, and maintaining a color
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temperature variation as the reference color temperature
variation with respect to the plurality of colors; and
adjusting color temperatures corresponding to colors of a
display apparatus according to the plurality of adjust-
ment color temperatures and the reference color tem-

perature variation.

12. The method according to claim 11, further comprising:

maintaining the reference color temperature varation at

cach of the plurality of colors.

13. The method according to claim 11, wherein the refer-
ence color temperature variation 1s less than 0.02.

14. The method according to claim 11, wherein the refer-
ence color 1s white.

15. The method according to claim 11, wherein the calcu-
lating of the plurality of adjustment color temperatures cor-
responding to the plurality of colors comprises:

calculating the plurality of adjustment color temperatures

to be linearly related to the plurality of colors.

16. The method according to claim 135, wherein the calcu-
lating of the plurality of adjustment temperatures to be lin-
carly related to the plurality of colors comprises:

increasing the plurality of color temperatures linearly from

the reference color temperature as the plurality of colors
become darker with respect to the reference color.

17. A method of improving color representation of a dis-
play apparatus, the method comprising:

receiving an mput white level reference signal;

determining a reference color temperature and a reference
color temperature variation based on the input white
level reference signal;

determining a plurality of setting color temperatures cor-
responding to gray level gradations based on the refer-
ence color temperature;
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measuring coordinates corresponding to the reference
color temperature variation and the setting color tem-
peratures corresponding to the gray level gradations; and

setting coordinates of the display apparatus based on the
measured coordinates.

18. A method of improving color representation of a dis-

play apparatus, the method comprising:

recerving an input white level reference signal;

determining a reference color temperature and a reference
color temperature variation based on a color reference

signal and the iput white level reference signal;

determining a plurality of setting color temperatures cor-
responding to gray level gradations based on the refer-
ence color temperature;

measuring coordinates corresponding to the reference
color temperature variation and the setting color tem-
peratures corresponding to the gray level gradations; and

inputting into the display apparatus the measured coordi-
nates to maintain the directionality and linearity of the
gray level gradations.

19. A method of adjusting a display of a display apparatus,

the method comprising:

recerving an iput white level reference signal;

measuring a reference color temperature and a reference
color temperature variation from a reference 1mage sig-
nal;

determiming second color temperatures for gradations of a
gray level according to the reference color temperature
and the input white level reference signal; and

adjusting the display of the display apparatus with coordi-
nates measured corresponding to the reference color
temperature variation and the second color temperatures

at the gradations.
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